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Abstract 
Geographic Information Science (GIScience) is an interdisciplinary field that seeks to understand the nature of 
geographic phenomena and of geographic information. It provides theoretical foundations for Geographic 
Information Systems (GIS) and the rational for research and development of GIS in mainstream ICT. Building on 
Masters level education we argue that more coordinated and structured education and training is required at the 
doctoral level. We developed a formalized doctoral education and research training programme in GIScience at the 
University of Salzburg, by integrating students in three focused, interconnected, interdisciplinary research clusters. 
We illustrate how this programme seeks to acknowledge spatial principles, to explore scientific and educational uses 
of geographic information in order to elucidate the complex relationships that individuals and society have with GIS. 
It provides a framework for ‘education through research’ programme.  
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1. Rationale 
In 1998, the then U.S. Vice-President Al Gore articulated a vision of “Digital Earth” as a multi-
resolution, three-dimensional representation of the planet that would make it possible to find, visualize, 
and make sense of vast amounts of georeferenced information on the physical and social environment. At 
that time, this vision of Digital Earth seemed almost impossible to achieve given the requirements it 
implied about access to computer processing cycles, broadband Internet, interoperability of systems, and 
above all data organization, storage, and retrieval. Since then, a considerable amount of research has been 
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undertaken, so that today, many of the elements of Digital Earth are not only available but they are also 
used daily by hundreds of millions of people worldwide.  
For Geographic Information Science – GIScience in short – Blaschke and Strobl [1] analyse the 
literature and describe GIScience as an interdisciplinary field of research based upon the understanding 
that basic and applied research must be reflected within society [2, 3]. The European Union’s concept of 
the 'Information Society' claims that the spatial aspect is pertinent to a majority of information aspects. 
Blaschke and Strobl [1, p. 10] argue that the spatial dimension is a key component of the 'context' of 
objects, and affects our daily lives and actions. 
A doctoral degree – or Ph.D. (this paper consistently refers to ‘Doctoral degree’ to accommodate 
national variations) is a research degree, designed to prepare students to become scholars. At the 
conclusion of the degree programme, the student should have acquired the knowledge and skills expected 
of a scholar who has made an original contribution to the field and has attained the necessary expertise to 
continue to do so. Doctoral training has gained increased importance in the context of the Bologna 
Process since the Berlin Communiqué (2003), which included doctoral programmes as the ‘third cycle’. 
Doctoral programmes also form the first phase of younger researchers’ careers and are thus central in the 
drive to create new scientific knowledge, as more researchers need to be trained than ever before [4].  
A majority of contemporary science doctoral education systems push students into specialized 
disciplinary research [5]. Academic departments typically act as local manifestations of a focused 
discipline and as the primary locus of control for doctoral education. Professional doctorates, applied 
research and workplace connections have become increasingly dominant forces in contrast to purely 
scientific research [6]. 
In the remainder of this article we position the concept of a new doctoral education programme, based 
on pure GIScience research, in which coordinated research aims for a better understanding of the 
complexity of interactions and inter-dependencies between environmental and social phenomena at 
different levels, i.e. from local to global.  
2. Geographic Information Science 
GIScience is a relatively new interdisciplinary field of research based upon the understanding that 
basic and applied research must be reflected within society [7]. GIScience-technology (not a contradiction 
as discussed later) has been well established in many different economic sectors, like natural resource 
management, real estate and insurance. New fields for GIScience research have arisen e.g. in the health 
care sector concerning epidemiology, hospital management and patient care logistics. Interdisciplinary 
domains including computer science, surveying, or image processing and applied fields such as forestry, 
geology, spatial planning, hydrology, or utility management have played an important role at least in the 
technical realm.  
A growing number of characteristics have made GIS a mainstream technology, where standard 
approaches have been adopted to replace earlier, more specialized ones and reflect economy of scale 
considerations. However there are many reasons for treating geographic information as special [8,9], and 
for educating specialists in GIS concepts, principles, and uses [10, 8, 11, 7, 12].  
“If the ultimate goal of GIScience is to better understand how nature works and how we, as humans, 
can better organize our activities on the surface of the earth, then we must continue to push the 
development of GIScience along these two seemingly contradicting lines” [11, p. 532]. 
Scholten et al. [2] described the explosive growth of geospatial technologies and their pervasive spread 
throughout the sciences. However Geography and Geographic Information Science only tell part of the 
story, because a spatial turn has recently occurred in several other disciplines, but they have been built on 
ideas that are most strongly associated with Geography. Paul Krugman’s 2008 Nobel Prize in Economics 
was based on his reintroduction of the importance of location and geographical factors generally, in 
understanding economic activity. Space has recently found new theoretical significance in ecology [13]. 
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In computer science, the Association for Computing Machinery founded a Special Interest Group on 
“issues related to the acquisition, management, and processing of spatially-related information”. 
The concept of GIScience has been adopted enthusiastically. Several journals have been (re)named, 
various books have been published [14, 15, 9], a major consortium of US universities has been 
established (the University Consortium for Geographic Information Science, www.ucgis.org). Specialist 
programmes have appeared in academic institutions and GIScience has been the subject of several studies 
of the National Research Council in the US and in European countries. The system versus science issue 
has been revisited [16, 17], and reports have been written calling for the establishment of major 
programmes of research funding [18]. Efforts have been made to define the grand challenges in the field, 
and to identify its fundamental principles [19].  
3. Designing a doctoral programme in GIScience 
3.1. Programme Vision 
The University of Salzburg Austria is acknowledged as an important player in GIScience education. 
Doctoral developments, in the form of a doctoral college called DK GIScience have been proposed to 
stake out a leadership role in this rapidly expanding field by building excellence across existing areas of 
strength (Geoinformatics, Computer Science, Earth Science, etc.). The impetus for this has been the 
increasing realization that spatial organisation matters to researchers in the natural, social and behavioural 
sciences, engineering and the applied sciences, as well as the arts and humanities.  
Geographical science research is becoming a task very relevant to society. A report of the US National 
Research Council from March 2010 (http://www.nap.edu/catalog.php?record_id=12860) identifies eleven 
questions that should shape the next decade of geographical science research. Reflecting a time when 
populations are moving and natural resources are being depleted, the questions aim to provide a more 
complete understanding of where and how landscapes are changing to help society manage and adapt to 
the transformation of the Earth's surface. The report identified research priorities and the approaches, 
skills, data, and infrastructure necessary to advance research. This educational programme covers and 
mirrors many aspects of these strategic directions. The GIScience doctoral programme addresses several 
spatial realms, and formulates a clear research agenda in the light of the recent adaptation of spatial 
concepts in conventional practices and for mass user applications. The overarching research perspective is 
how research in (geo)informatics can contribute to an evolving geo-aware society [20] in an organised 
way although recent empirical studies reveal problems with the linear assumption that more (spatial) ICT 
engagement may have direct measurable effects on social status [21]. DK GIScience focuses on the 
“science behind the systems” rather than the hype caused by virtual globes such as Google Earth or 
Microsoft Bing Maps and related fast technology-driven developments. 
Based on this rationale the authors have developed a detailed concept for an interdisciplinary doctoral 
degree programme in GIScience (DK GIScience) that will be launched in the 2011-2012 academic year at 
the University of Salzburg, Austria. When amalgamating and synthesizing the common denominator of 
definitions on ‘interdisciplinarity’ we may argue that scholars identify disciplines as domains of inquiry 
that share objects of study, problems to investigate, values, terms, concepts and assumptions governed by 
a certain set of rules and categories guiding the pursuit of knowledge [22].  
Our vision partially builds on the foresight, twenty years earlier, of the NCGIA [23], the progress since 
then, the explicit lessons learned, and recent technological developments in GIS and GIScience [1]. 
Although not directly comparable (the NCGIA initiative was a multi-million dollar US-wide long-term 
plan) one significant difference is that the NCGIA proposal was built on ‘impediments’ [23]: GIS 
technology was said to have enormous potential but that numerous roadblocks needed to be removed 
including user-friendly interfaces, institutional or standardization issues. Today, in many fields GIS is 
inevitably but intrinsically linked with mass user related workflows and to new scientific and societal 
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questions that need to be addressed. Rather than focusing on the impediments, the three building blocks 
of DK GIScience are centred around the opportunities for the extensive use of spatial thinking and 
quantitative analysis [24, 25, 2]. The significance of these impacts has been pervasively documented in a 
recent book edited by Scholten et al. on geospatial technologies and their proliferation throughout the 
sciences. 
Consequently, the resulting DK GIScience concept for a doctoral programme aims at the development 
of relevant theory, methodologies and methods, and the cultivation of Geographic Information through an 
‘education through research’ programme that will close the gap between the power and accessibility of 
tools on the one hand and the ability of scientists to make effective use of them on the other. This will be 
encouraged through an open-ended enquiry-driven research approach but within very specific and 
carefully planned avenues. In this way, an over-emphasis on instrumental activities should be avoided. 
Attention will be given to making explicit the rationales, aims and questions that underlie both the 
research project goals and educational goals. 
3.2. The Salzburg Ten Basic Principles 
The design of the DK GIScience doctoral programme has been motivated and influenced by “The 
Salzburg Ten Basic Principles”. The Bologna Seminar on Doctoral Programmes for the European 
Knowledge Society held in Salzburg, Austria, February 2005 provided a major forum to discuss the 
Action Line in the Bologna Process entitled “European Higher Education Area and the European 
Research Area – Two Pillars of the Knowledge-based Society”. Building upon the momentum of the 
2004 Maastricht conference, members of the European University Association Doctoral Programmes 
Project were able to air their findings to a wider audience and contribute to the discussion on the future 
groundwork required for the successful development of the third cycle of the Bologna Process. 
The Salzburg Seminar was a significant development in the sequence of Bologna Process events in 
that it established a working dialogue among higher education policy practitioners, university researchers 
and doctoral candidates on the key issue of how to promote closer links between the European Higher 
Education Area and the European Research Area in order to improve the quality and competitiveness of 
European higher education [26]. Subsequently, the EUA Glasgow Convention (2005) stressed that the 
core element of all doctoral programmes was training by research, but not necessarily only for research 
careers, but also for employment in other sectors. 
3.3.  Doctoral programmes represent a crucial part of university education and research 
The motivation for the establishment of this interdisciplinary programme with a strong element of 
international outreach was to achieve an ‘education through research’ approach. The doctoral programme 
orchestrates ten research projects and sets precise standards for qualification requirements, the 
responsibilities and duties of the faculty members, supervisors and co-supervisors; the coordination of 
supervisors and their workloads; supervision models and an innovative mentorship model; the doctoral 
candidates’ progress assessment; requirements for the doctoral thesis and its defence; and finally, the 
follow-up “tracking” of doctoral candidates’ career outcomes and the visibility of the programme. 
Traditionally and particularly in Austria, doctoral programmes used to be considered mainly as a 
gateway to future academic careers. In contrast to North America, the European model of doctoral 
education and training has been traditionally shaped by a traditional master–apprentice model [27]. With 
a significant increase in the number of doctoral candidates in recent years and major changes to the 
competitive nature of the global labour market, most universities, particularly in Austria, face a challenge 
to reform their doctoral programmes in order to adapt to new conditions. The University of Salzburg has 
reacted appropriately and has built a series of ‘Bologna compliant’ doctoral study programmes. The 
Bologna Process has thus had a significant impact for the development of doctoral degrees and has further 
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contributed to the debate on the need for change and for more focused, well-thought-out programmes. DK 
GIScience should be a role model in changing the approach to doctoral education to a more systematic 
and structured way, while at the same time working towards increased transparency in admission, 
selection and quality assessment. 
3.4. The overarching research questions 
Based on the explosive growth of geospatial technologies and their pervasive spread throughout the 
sciences [28, 2, 3], the state of knowledge in GIScience has been intensively reviewed. As a result, DK 
GIScience researchers hypothesize that a paradigm shift is currently taking place proceeding from the 
elemental recognition that all human action has a spatial footprint and that the spatial dimension of social 
interaction is of paramount importance for understanding all of the classic questions about the human 
condition, human-human and human-environment interactions. While this transformation has been taking 
place for several years [29] its impact has become increasingly dominant in many scientific fields such 
that it is acknowledged that the transformative impact of the spatial dimension has become relevant to 
many research questions [28, 30, 3]. It is not clear at this moment whether this spatiality is independent 
from recent technical developments, which have led to mass-market applications [7, 2] but it certainly 
requires new methodologies and methods of analysis [31, 32, 33]. This programme incorporates core 
spatial disciplines such as Geography, Earth Sciences, Computer Science, Social Sciences and Communi-
cation Media. In Social Sciences, the mode of analysis has been overwhelmingly qualitative and 
interpretive among humanities scholars and computational and GIS-based analyses have been very rare. 
We therefore recognised that a GIScience programme must be broad enough to afford students the oppor-
tunity to focus on theoretical foundations and interpretive, qualitative methods of analysis as well as on 
quantitative-spatial approaches. The overarching approach is to create new knowledge through integration, 
by establishing ‘orchestrated interdisciplinary research’ in an ‘education through research’ programme. 
At the core of this development are spatial data models, spatial data handling and spatial processes.  
The wide range of in-depth investigations, ranging from Geology to Social Media, reflects the fact that 
Geographic Information Systems and software for image processing, pattern recognition, and scientific 
visualization are in widespread use throughout academia, from the physical sciences to the humanities 
and technical/computer sciences supporting geospatial methods. Functions for the manipulation, analysis, 
and modelling of spatial data are also available today in standard statistical and mathematical packages. 
Recently, for instance, the use of object based image analysis methods developed in the geo-domain [34] 
was acknowledged in medical imaging [35], cell biology [36] and nano-analysis [37]. The essential 
computational and analytic logic behind MRI and CT scans are basically the same as those used in 
geospatial methods. However, the development of relevant theory and concepts, and the cultivation of 
spatial literacy and spatial intelligence through education, has lagged behind. A gap therefore exists 
between the power and accessibility of tools on the one hand and the ability of researchers, students, and 
the general public to make effective use of them on the other. Therefore, a systematic literature review 
was conducted and an ambitious and coherent research agenda developed with a clear educational 
mission.  
Based on a structured literature survey six major research fields were identified as: 
(a) the search for general GIScience principles, such as the enumeration of possible (topological) 
relationships between events or features and the construction of objects;  
(b) developing faster algorithms, information architectures and more efficient indexing schemes;  
(c)  spatial organization and spatial contextualisation of data;  
(d) developing new ways of visualizing and communicating geographic information; which develops 
into a new research field i.e. “spatialization, media and society”. Furthermore, this programme aims to 
introduce new ambitious research topics viz.  
(e) geosensing technologies for pervasive computing applications  
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Cross-checking with the University Consortium for Geographic Information Science agenda 
(http://www.ucgis.org) confirmed that several research fields were reflected there and particularly  
interoperability of GI;  
extensions to GI representations beyond 2D and single scale;  
cognition of GI [...] to overcome the gap between human cognition and GIS; 
scale;  
spatial analysis 
4. Building a Thematic Framework 
Geographic Information Science has an intimate relationship with the discipline of Geography, since 
they both address the same aspects of reality [38] from very similar perspectives. However, Geographic 
Information Science is (also) the “Science behind the system” [8] concerned with representation and 
computational issues, whereas Geography attempts to explain and predict geographic phenomena. A 
major issue is the intrinsic and increasingly widespread communicative ‘nature’ of geographic 
information [39, 40]. This is becoming more and more apparent in ‘web 2.0’ environments, along with 
‘Volunteered Geographic Information [41], Neogeography [42] and with real time sensing [43]. These are 
very recent developments [44] and research is beginning to systematically explore whether these issues 
may or may not significantly influence society.  
In preparing for the development of this doctoral programme, a comprehensive survey of GIScience 
doctoral programmes worldwide was carried out in 2010. In all 27 programmes were identified which are 
‘at the core of GIScience’ or have a ‘spatial science’ focus. This means they do not have a solely 
technical focus on GIS or Geoinformatics although many significantly overlap with Geoinformatics or 
Geomatique in the francophone countries. Eleven of these programmes are offered by US-Universities, 
three exist in Canada, seven in Europe, four in Asia and two in Australia. In essence, most existing 
programmes focus around long-standing expertise of university faculty and very few tackle GIScience in 
a fully interdisciplinary outlook. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1: The GIScience cube: research perspectives 
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The DK GIScience doctoral programme is designed to include diverse scientific areas (Fig. 1) though 
it is challenging to facilitate commonalities between e.g. four-dimensional geological processes and four-
dimensional pattern analysis of movement of individuals in space. From the inter-relationships, three 
focussed research areas or ‘clusters’ have been identified as “time and space models”, “data 
representation strategies” and ‘spatialization, media and the society’. The latter explicitly incorporates 
research on the user’s perspectives and builds strong connections to the interdisciplinarity afforded by 
Spatial Sciences / GIScience (i.e. applied geo-sciences) well beyond initiating fields such as Geography 
and Computer Science. 
5. Conclusions 
Based on 18 months preparation including a significant literature review, a successful funding proposal 
was made to the Austrian Science Fund. The DK GIScience programme was approved to cater for up to 
24 doctoral students over a maximum period of twelve years. This will allow the education and training 
of up to three generations of doctoral students and the professional development of a significant number 
of GIScience researchers. The doctoral programme seeks to be a role model for the implementation of the 
third cycle of the Bologna process, by designing a high quality programme that is globally competitive. 
Through many accompanying measures, which could not comprehensively be described in this paper, it 
will seek to build a global network of other centres of excellence to advance knowledge. 
The overarching thematic field of this doctoral programme is GIScience, including Geoinformatics and 
related disciplines within the ICT domain. The spatial dimension is a key component in the 'context' of 
objects that interplay in our daily lives and actions. It is the concept of ‘location’ that best provides wide-
ranging means of connecting virtual and real worlds. This connection is in turn required to provide 
contemporary business models for the information economy. 
References 
[1] Blaschke T, Strobl J. Geographic Information Science Developments. GIS.Science - Zeitschrift für Geoinformatik, 2010;23:9-15. 
[2] Scholten HJ, van de Velde R, van Manen N, editors. Geospatial Technology and the Role of Location in Science, Berlin: 
Springer; 2009. 
[3] Bodenhamer DJ, Corrigan J, Harris TM, editors. The spatial humanities: GIS and the future of humanities scholarship, Indiana 
University Press 2010; pp.199. 
[4] van Vught F. A European university policy? An analysis of the EU’s higher education, research and knowledge transfer policies. 
Report  University Autonomy and the Globalization of Academic Careers, Florence: European University Institute 2008. 
[5] Golde CM, Gallagher HA. The challenges of conducting interdisciplinary research in traditional doctoral programs. Ecosystems 
1999;2:281-285. 
[6] Boud D, Lee A 2009. Changing practices of doctoral education, New York, Taylor & Francis. 
[7] Craglia M, Goodchild MF, Annoni A, Camara G, Gould M, Kuhn W, et al. Next-Generation Digital Earth: A position paper 
from the Vespucci Initiative for the Advancement of Geographic Information Science.International Journal of Spatial Data 
Infrastructures Research 2008,3:146-167. 
[8] Goodchild MF. Geographical Information Science. Int. Journal of Geographical Information Systems 1992;6:31-45. 
[9] Longley PA, Goodchild MF, Maguire DJ, Rhind DW. Geographic Information Systems and Science. 3rd ed. Chichester: John 
Wiley & Sons; 2010. 
[10] Bednarz S. Connecting GIS and Problem Based Learning. In: Audet RH, Ludwig V, editors. GIS in schools, Redlands: ESRI 
Press 2000;89-101. 
[11] Sui DZ. Tobler’s first law of geography: A big idea for a small world? Annals of the Association of American Geographers. 
2004;94:269–77. 
[12] Donert K, editor. Future Prospects in Geography Geography in European higher education, Liverpool: Liverpool Hope 
University Press 2008;7. 
[13] Zimmerer KS. Cultural ecology (and political ecology) in the 'environmental borderlands': exploring the expanded 
connectivities within geography. Progress in Human Geography 2007;3:227-244. 
[14] Sester M, Bernard L, Paelke V, editors.Advances in GIScience, Heidelberg Berlin: Springer; 2009. 
[15] Navratil G, editor. Research Trends in Geographic Information Science. New York: Springer, Dordrecht, Berlin 2009. 
146  Thomas Blaschke et al. / Procedia Social and Behavioral Sciences 21 (2011) 139–146
[16] Wright DJ, Goodchild MF, Proctor JD. Demystifying the persistent ambiguity of GIS as 'tool' versus 'science'. Annals Assoc of 
American Geographers 1997;87:346–362. 
[17] Blaschke T. Geographische Informationssysteme: Vom Werkzeug zur Methode. Geographische Zeitschrift, 2003;2:95-114. 
[18] Mark DM. Spatial representation: A cognitive view. In: Longley PA, Goodchild MF, Maguire DJ, Rhind DW, editors. 
Geographical Information Systems. 2nd ed. NewYork: John Wiley and Sons1999:81–89. 
[19] Goodchild MF. Finding the mainstream. Keynote paper given at the MapIndiaconference 2003. 
[20] Strobl J. GI Science and technology - where next? GIS Development 2005;9:40-43. 
[21] Longley PA, Singleton A. Linking social deprivation and digital exclusion in England. Urban Studies 2009;46:1275-1298. 
[22] Klein JT, editor. Interdisciplinarity History, theory, and practice, Wayne State Univ Press, Detroit; 1990. 
[23] Goodchild MF. The National Center for Geographic Information and Analysis. ACSM Bulletin, November 1989:35–39. 
[24] Gewin V. Mapping Opportunities. Nature 2004;427:376-377. 
[25] Bednarz RS, Bednarz SW. The importance of spatial thinking in an uncertain world. In: Sui DZ, Cutter SL, editors. Geospatial 
technologies and homeland security, Springer 2008; p. 315-330. 
[26] Guth J. The Bologna Process: The Impact of Higher Education Reform on the Structure and Organisation of Doctoral 
Programmes in Germany. Higher Education in Europe 2006;31,3:327–338. 
[27] Burnett, P.C. The supervision of doctoral dissertations using a collaborative cohort model. Counselor Education and 
Supervision 1999;39,1,46-52. 
[28] Ethington PJ. Placing the past: ‘Groundwork’ for a spatial theory of history. Rethinking History 2007;11:463-530. 
[29] Massey D. For Space. London: Sage Publications; 2005. 
[30] Zook MA, Graham M. Mapping DigiPlace: geocoded Internet data and the representation of place. Environment and Planning 
B: Planning and Design 2007;34:466-482. 
[31] Skupin A, Fabrikant SI. Spatialization Methods: A Cartographic Research Agenda for Non-geographic Information 
Visualization.Cartography and Geographic Information Science 2003;30:95-115. 
[32] Sieber R. Public Participation Geographic Information Systems: A Literature Review and Framework. Annals of the 
Association of American Geographers 2006;96:491–507. 
[33]  Torrens P. Wi-Fi Geographies. Annals of the Association of American Geographers 2008;98:59-84. 
[34] Blaschke T. Object based image analysis for remote sensing. ISPRS International Journal of Photogrammetry and Remote 
Sensing 2010;65:2-16. 
[35] Marschallinger R, Golaszewski S, Kraus J, Kronbichler M, Kunz A, Hofmann P. Multiple Sclerosis: a Multidisciplinary 
Approach to the Analysis, 4D Modeling and Spatiotemporal Simulation of Lesion Pattern Evolution. Proc of SEECCM 2009, 
2nd South-East-European Conf. on Computational Mechanics 2009. 
[36] Hofmann P, Marschallinger R, Daxner-Höck G. 3D volume modelling of fossil small mammal teeth using micro CT and object 
based image analysis. In: Tavares J, Jorge N, editors. Computational Vision and Medical Image Processing, CRC Press/Taylor 
& Francis 2009; p. 395-399. 
[37] Tiede K, Boxall ABA, Tiede D, Tear SP, David H, Lewis J. A robust size-characterisation methodology for studying 
nanoparticle behaviour in 'real' environmental samples, using hydrodynamic chromatography coupled to ICP-MS. Journal of 
Analytical Atomic Spectrometry 2009;24:964-972. 
[38] Mark DM. Geographic Information Science: defining the field. In: Duckham M, Goodchild MF, Worboys M, editors. 
Foundations of Geographic Information Science, London: Taylor & Francis 2003; p. 3–18. 
[39] Crampton J. Maps as social constructions: Power, communication, and visualization. Progress in Human Geography 
2001;25:235–52. 
[40] Miller C. A Beast in the Field: The Google Maps Mashup as GIS/2. Cartographica 2006;41:187-199. 
[41] Flanagin AJ, Metzger MJ. The credibility of volunteered geographic information. GeoJournal 2008;72:137-148. 
[42] Turner AJ. Introduction to Neogegraphy, O'Reilly Media2006. 
[43] Resch B, Mittlboeck M, Girardin F, Britter R, Ratti C. Live Geography – Embedded Sensing for Standardised Urban 
Environmental Monitoring. International Journal on Advances in Systems and Measurements 2009;2:156-167. 
[44] Goodchild MF. Geographic information systems and science: today and tomorrow. Annals of GIS 2009;15:3-9. 
 
